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Abstract—Using instantaneous aggregate arrival rate as an
admission control parameter will contribute to either bandwidth
under-utilization or over-utilization. Being bursty in nature and
variable in rate, video flows might encode any rate between a
range of minimum and maximum values. At the time the decision
is made, if the measured rate is at the minimum value, the
bandwidth might be over-utilized due to accepting more sessions
than the link can accommodate. In contrast, it might be under-
utilized if the measured rate is at the maximum value due to
rejecting more sessions than the link can accommodate. The
burstiness can be taken into account by considering the past
history of the traffic. This paper investigates the suitability of
the average aggregate arrival rate instead of the instantaneous
aggregate arrival rate for video admission decisions. It establishes
a mathematical model to predict the relationship between the
two rates. Simulation results confirm that the average aggregate
arrival rate is a more efficient decision factor for a small number
of flows. Although it has no additional advantage for moderate
and large number of flows, it still can stabilize the admission
decision by smoothing the burstiness of a set of the instantaneous
rates (within the measurement period) over a period of time.
Keywords—Admission Control; Measurement-Based Admission
Control; Video;
I. INTRODUCTION
In the foreseeable future, realtime video traffic will become
the dominant network traffic. Cisco predicts that ”It would take
over 6 million years to watch the amount of video that will
cross global IP networks each month in 2016. Every second,
1.2 million minutes of video content will cross the network in
2016” [1]. The actual figure of real-time entertainment services
such as Hulu and Netflix in north America in 2011 was 58.6%
of the total Internet traffic [2].
To avoid congestion for non-adaptive traffic, binary-based
admission control is the dominant technique [3]. It either
allows or blocks new traffics based on available resources.
Inelastic traffic specifies the maximum and minimum bitrates
during the admission process. The network nodes police the
maximum rate to ensue that it is not exceeded, and they attempt
to guarantee the transmission of the minimum bit rate. This
kind of admission controls (which reserve a fixed amount of
resources for each session) is suitable for services such as
voice telephony that have a constant-bit rate. However, due to
the fact that each video sequence is encoded differently based
on the complexity of the video image, these are ineffective for
video traffic with bursty bit rates. Furthermore, rate adaptation
which contributes potentially to the increase of the burstiness
and rate variation has been proposed to optimize video quality
and the Quality of Experience (QoE) [4]–[7].
Since video traffic is sent at variable rate, the aggregate
rate is considerably lower than the sum of peak rates [8] and
therefore admission decisions shouldn’t be based on worse-
case bounds. This will achieve the optimum trade-off between
utilization and perceived QoE.
To protect the quality of video over Internet, there is a
necessity for an admission control at the edge of network.
Furthermore, to take advantage of the bursty nature of video
traffic and to accept more sessions, the acceptance/denial
decision of the admission control can be based on the history of
video rate instead of the instantaneous rate. This is due to the
fact that the burstiness of video flows can be compensated by
the silence period of other flows. Considering past video rate
will give a better indication of the behaviour of video flows and
potentially is a better reference rate for the admission control
to rely on.
The primary aim of measurement-based admission control
(MBAC) is to eliminate or reduce the need of flow state
information and control overhead for admission decision, and
to maximize utilization at an eventual cost of QoS degradation
[9]. Few MBAC procedures have been proposed [10], however
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there are still a few which simply rely on the instantaneous ag-
gregate arrival rate. Pre-Congestion Notification (PCN)-based
admission control which recently has been standardized by the
IETF depends on the instantaneous admissible and supportable
rates for its operation [11]. Despite all the efforts, there is still
no entirely satisfactory admission algorithm for variable rate
flows [12].
This paper investigates the suitability of the average aggre-
gate arrival rate instead of the instantaneous aggregate arrival
rate for video streaming admission decision. Furthermore,
the probability relationship between both rates is established
mathematically. The rest of the paper is organized as follows.
Assumptions used in this study are justified in Section II, and
related work is reviewed in Section III. Section IV presents
the mathematical model of the proposed scheme, and the
simulation setup is explained in Section V. The results are
presented and discussed in Section VI. The paper is concluded
in Section VII.
II. ASSUMPTIONS
This papers makes the following assumptions:
• Video traffic is the dominant Internet traffic [1]. Other
traffic forms small percentage and therefore only video
traffic will be considered.
• To provide required level of QoE, explicit admission
control is required [8].
• This paper contributes to the measurement mechanism
of admission control procedure, hence metering and
marking of packets are not discussed.
III. RELATED WORK
In this section, we review the MBACs that depend on
per-aggregate rather than per-flow. We refer interested readers
of recent admission control procedures and classifications
to [13] [9] [14]. The Measured Sum (MS) algorithm was
proposed in [15] which uses measurement to estimate the
load of existing traffic. A new flow will be admitted if the
sum of the required rate of the new flow and estimated rate
of existing flows is less than a utilization target times the
link bandwidth. Four measurement-based admission control
algorithms are presented in [16] based on Chernoff bounds.
[17] proposed an admission control scheme for controlled-
load services that estimates the equivalent capacity of a class
of aggregated traffic based on Hoeffding bounds. The paper
concluded that equivalent capacity based admission is efficient
for classes with as few as 50 connections however is the same
as a peak-rate admissions control procedure for classes with
only 10 connections. The paper also presented a formulation
of equivalent capacity that is suitable for classes with either a
moderate number of admitted connections or a wide range in
the peak rates of the admitted connections.
An extension to the PCN-based admission control system
has been proposed in [18]. A novel metering algorithm based
on a sliding-window to cope with the bursty nature of video
sessions and another adaptive algorithm to facilitate the con-
figuration of the PCN were proposed.
[8] studied how uncertainty in the measurements of
MBAC vary with the length of the observation window and
described a methodology for analyzing measurement errors
and performance. The concept of similar flows and adding a
slack in bandwidth were introduced to minimize the probability
of false acceptance.
[12] proposed a MBAC scheme based on measured mean
and variance of load offered to the cross-protect priority
queue. [19] performed an implementation-based comparison of
MBAC algorithms using a purpose built test environment. The
study revealed that there is no single ideal MBAC algorithm
due to computation overheads, multiple timescales present in
both traffic and management, and error resulting from random
properties of measurements which dramatically impact the
MBAC algorithm’s performance.
IV. MODELING
This section presents a mathematical model for the pro-
posed average aggregate rate-based admission control. We
consider a network of N nodes and M ⊆ N × N links, where
link l ∈ M and F denotes the set of flows where f ∈ F.
Assuming that requests for video sessions are independent
random variables, the instantaneous aggregate arrival rate
Xinst(l, t) of all flows F on link l at time t is
Xinst(l, t) =
n∑
i=1
xi(l, t) (1)
for i > 0 and t > 0. Where xi(l, t) is the instantaneous arrival
rate of session i on link l at time t, and n is the number of
sessions.
In current admission control approaches, a new session will
be accepted if the sum of arrival rates f plus the peak rate of
the new session xnew is less or equal to the link’s capacity Cl
as given by Equation (2).
Xinst(l, t) + xnew ≤ Cl (2)
The proposed scheme considers the average aggregate
arrival rate of active sessions as an admission parameter instead
of the instantaneous aggregate arrival rate.
Now we find how the instantaneous arrival rate is related
to it’s average. Let xi(l, t) be an independent random vari-
able with minimum rate xmini (l, t), peak rate x
max
i (l, t), and
xmini (l, t) ≤ xi(l, t) ≤ xmaxi (l, t).
The Hoeffding inequality theorem [20], the probability that
Xinst(l, t) exceeds its mean µr(l, τ) by a positive number n
for  > 0, is given by Equation (3):
Pr{Xinst(l, t) ≥ µr(l, τ) + n} ≤ δ (3)
Where δ is given by Equation (4)
δ = exp
( −2n22∑n
i=1(x
max
i (l, t)− xmini (l, t))2
)
(4)
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and µr(l, τ) is the average aggregate arrival rate which is
the amount of data that arrives in the interval [t1, t2]. It can
be calculated for the period τ = t2 - t1 (t2 > t1) when a new
session is requested at time t2 using Equation (5).
µr(l, τ) =
1
τ
∫ t2
t1
n∑
i=1
xi(l, t) dt (5)
Hence, a new requested session will be accepted if the
condition in Equation (6) is met:
µr(l, τ) + xnew ≤ Cl (6)
Substituting Equation (5) in Equation (6) yields:
1
τ
∫ t2
t1
n∑
i=1
xi(l, t)dt+ xnew ≤ Cl (7)
where xnew is the requested rate of the new session, and
Cl is the link bandwidth. Unlike the xnew in Equation (2), we
propose to be set based on the required QoE. Setting a proper
value of xnew ensures QoE experienced by the end user. We
propose per video quality class for xnew such as 11Mbps for
full HD, 8Mbps for HD ready, 2Mbps for SD and 1.25 for HD
web. This approach does not require keeping per-flow peak
rate for each individual flow as proposed in [17] which causes
scalability issues.
As the Hoeffding theorem limits the upper bounds of the
probability that µr(l, τ) is less than Xinst(l, t), the proposed
scheme in Equation (6) makes use of µr(l, τ) to ensure the
maximum possible number of sessions accepted utilizing the
bandwidth efficiently comparing to the admission procedure in
Equation (2) which relies on the instantaneous aggregate rate
Xinst(l, t). Setting the proper value of xnew ensures that the
required QoE is provided.
V. SIMULATION SETUP
Matlab was used to evaluate the proposed scheme. Five
different video trace libraries (Tokyo Olympics, Silence of
the Lambs, Star Wars IV, Sony Demo and NBC News) from
publicly available libraries [21] [22] were used. The aim was
to have different video contents such as slow moving pictures
(news) and fast moving pictures (sports).
The frames were randomly picked from the libraries and
the rates were measured for a period of five frames. The
instantaneous aggregate rate was measured at the end of each
period and the average aggregate rate was measured over the
period. As the instantaneous rate varies, it may have any value
within the measurement period.
In order to see how the number of flows influences the
probability relationship between the instantaneous and aver-
age aggregate arrival rates, different number of flows were
simulated. For each flow, the measurements were taken five
times, 100 random runs of the scheme for each time. Then the
probability that the average rate is less than the instantaneous
rate was calculated for each run.
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Fig. 1. Average and Instantaneous Aggregate Arrival Rates Relationship
VI. RESULTS AND DISCUSSION
The mean and the confidence interval of the probability
relationship between the average and instantaneous aggregate
rates are plotted against the number of flows in Figure 1.
The overall trend of the curve is decreasing which means that
the probability that the average aggregate arrival rate is less
than the instantaneous aggregate arrival rate decreases with the
increase of the number of flows. For as few as 15 flows, the
average has advantage over the instantaneous rate, accepting
more flows. The exponential shape-like of the probability in
Figure 1 can be validated by the exponential relationship in
Equation (4).
As the number of flows increases, both rates approach-
ing each other which indicates that there is no difference
in considering either rate. The probability fluctuates around
50% for above 15 flows which produces uncertainty in the
instantaneous rate. However, considering the average rate for
any number of flows will still contribute in decreasing the
burstiness of a set of instantaneous rates within the mea-
surement period and adding more consistency in admission
decision.
Figures 2 and 3 show the average and instantaneous ag-
gregate rates for 5 and 40 flows. The smoothness is more
observable in the case of 5 flows because the overall rate gets
smoother (less bursty) in the case of 40 flows. Table I compares
the burstiness of both rates for each of 5 and 40 flows using the
peak-to-mean ratio and coefficient of variance methods [23].
As shown in the table, the burstiness of the average is less
than the instantaneous and decreases with the increase of the
number of flows. It also can be noticed that the burstiness of
both rates reach the same value for large number of flows (40
flows in this paper).
TABLE I. THE BURSTINESS OF THE AVERAGE AND INSTANTANEOUS
AGGREGATE RATES
Peak-to-Mean Ratio Coefficient of Variation
Rate 5 flow 40 flow 5 flow 40 flow
Average 1.12 1.05 0.3 0.03
Instantaneous 1.24 1.05 0.33 0.03
Further simulations were performed to investigate the im-
pact of the measurement period on the probability. Figure 4
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Fig. 2. Average and instantaneous aggregate rates - 5 flows
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Fig. 3. Average and instantaneous aggregate rates - 40 flows
shows the mean and confidence interval of the probability for
different measurement time periods for 40 flows scenario. It
can be seen that it is higher for longer period than the shorter.
On the one hand, considering longer measurement period will
provide higher probability that the average is less than the
instantaneous rate resulting in more sessions to be accepted.
On the other hand, it makes admission control to be less
reactive to the changes of traffic rate.
The video content also has impact on the probability
relationship between the two rates. Figure 5 shows a significant
difference between news (46%) and sports (%59) for 5 flows,
while a small change from 49% (news) to 51% (sport) for
as big as 40 flows. This indicates the suitability of using the
average rate for small number of fast moving video scenes
such as sports than slow moving video scenes such as news.
The uncertainty in the instantaneous arrival rate which is
essentially caused by the burstiness of video traffic and/or
rate adaptation strategy, will contribute negatively to decisions
made by admission control procedures. At the time of decision,
if the measured rate is at the minimum value, the bandwidth
might be over-utilized due to accepting more sessions than the
link can accommodate. In contrast, it might be under-utilized
if the measured rate is at the maximum value due to rejecting
more sessions than the link can accommodate.
To avoid this scenario and utilize bandwidth more effi-
ciently, the average aggregate arrival rate over a period of
Fig. 4. The increase of probability for longer measurement time period - 40
flows
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Fig. 5. Probability for news and sports - 5 and 40 flows
time is a more efficient decision factor to be taken for a small
number of flows. Thus more flows are admitted and bandwidth
is utilized more efficiently. This is due to the fact that the
burstiness of the average aggregate rate can be compensated
by the silence period over time.
The rate uncertainty mentioned earlier, under and over-
utilization of bandwidth can be controlled by considering the
past history of the traffic using the above proposed strategy.
By this strategy, the considered rate for admission decision
reflects a better characteristic of the nature of video flows.
VII. CONCLUSION
The suitability of using the average aggregate arrival rate
instead of the instantaneous rate was investigated for video
admission decision. A mathematical model for the probability
relationship between both rate was formulated. The simulation
results have shown higher probability that the average is
smaller than the instantaneous aggregate arrival rate for as
few as 15 flows. Whereas there is no significant difference
4
between the two rates for higher number of flows, the average
rate will be smoother than the individual instantaneous rate
within the measurement period that stabilizes the admission
decision. This work has found that the probability relationship
is impacted by fast moving video scenes such as sports
more than slow moving video scenes such as news. Real
time simulation will be conducted in the future to implement
the admission criteria in Equation (7) at the packet level.
Furthermore, the performance of the proposed scheme will
be evaluated based on the number of admitted session and
perceived QoE of each session.
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